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ABSTRACT 

This paper describes the present practical use of 
computers in tvo large beginning physics courses at the University of 
Callforniat Irvine; discusses the versatility and desirability of 
coeputers in the field of education; and projects the possible future 
directions of cosputer- based learning. The advantages and 
disadvantages of educational networking (including regional computer 
centers for education) and the stand-alone, one-on-^one computer are 
discussed. One stand-alone systea nov being developed for a 
hoee-based videodisc systee vhich attaches to a television set is 
described. It is suggested that coeputers vill occupy a sore 
ieportant role in the educational process in the future than they do 
at present. (KKC) 
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miUMlNQ Wl'i'll COMlUnT.Rf'i " TODAY Al«> TQMOUnOW 
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EDUCATION «Wl;UlP5A«e 

$tAt€0 00 NOT Nt.CKS^AHIUV flf Pf«\ 
$ENt OPnClAL NMIONAL INStltUTi^OI' 
ttOUCATION PO&ltlON 0« HOWmv 



Sc^vcral physics cla^nas nt the Uuivursity of CnlifornlMt Irvinu, furninh u>:^)mpl«s ot how com- 
put^a; use unn b« i«ti?Rratoa into courses* Currout d.^Vv^iopmonta in techuolor.y ^ugficst s<2ve,v^a 
intcroatiuft new possibilities • , , . 



!• IMTRODUCTIOIi 



Although the compwtur has beou iimployod for 
toacVdng and lenrnins foi^ about fifteen yt>ari5». 
, it Still occupies a minor or ucmoxistunl; roxe 
in taost clafiHOfi outinjide- of cornvnituir science it- 
sclt. ^ut this situation i^ now changing as 
mrc teachers and administratorti havft understood 
the value of coinputors in learning* great 
variety of ur.eft are possible and useful* In tha 
first part of this paper I take a practical ap- 
proacht exarainins tvjo iargc boginnins physics 
quarters at the University of Calif ornia> Xrvino 
as taught last fall* In each, computer use was 
. only one aspect of the courses. Briefer conh- 
1 laei^ts discuss other courses at Irvine* 
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Th& future of cowputer-baned learning w?.ll be 
heavily influenced by current technuio?,ical pro- 
gress. Both mora extensive educational netvork- 

/ inc (Including regional computer centers for 
education) and the stand-alone, one-cn-one com- 

. puter are suggested by present, work with 
microcomputers. t'Hiile we cannot rule out either 
of these possibilitierj, we can see some advan- 
tages in one direction or the other. It seems 
very likely that computers will, in one way or 
another, occupy a more important rolo in the 

I educational process than at present. . 

2. IRVINE COimSSS AND COt-rPUTERS 

The University of California includes nine un- 
dergraduate campuses, including three campuses 
only ten^years old. Irvine, one of the new cair^* 
puses, rut .i three competing computers~a Xerox 
■ Vr^Sigm^ 7, a DEC PDP-10, and PDP-11/A5; all offcr^ 
timesharing,, and batch is available also on the 
first two. The user Is free to pick the conv- . : 
putcr suitable to his needs* Hie educational 
> {endeavors described in this paper all involve 
:^|ihe Sigiiui ?/ ■ Unlike most University computer ^ ■ 
^\v!centers, educational use dominates over researchr 
;;attd administration v:accotmting for wall over ~ 
half the total use; computer science and physic , 
'cal Gciencc are the heaviest un* rj^. Instruc- 
'tlonal use is supported from funds Irom the 
-state of California. The relative alfluence of 
yirvli^c in Inj^tructionol computing derives from 
•^Ihe inaR illation of tho. first Dean of UruUuatc 
StucUeSf Kalph Guruid. 



Many of the educational usatcrials duf^cribed 
here were produced by the; Physic« Conpuicr 
vclopment Project, supported during the ua?5t 
six years by l.ha National Science Foundation 
and the University of California. The Prujoct 
has y^^nerated about forty highly internctivo 
student-compuf.cr dialogs, and uaa devcilopad an 
authoring system for developing such uiaceridls. 
It also added graphic capcM)ility to APU; lhaae 
graphic facilities are now part of the st^^ndard 
Xerox APL. Graphics also plays an estrcjKiely 
Important role in all the rc-ccmtly developed 
. dialogs. Tlie Project is still very active in 
developing materials. Soitno use is made cf these 
materials on other University of California catt^ 
; puses, through an Intercampus phone system, and 
^in neighboring schools. Other departments at 
Irvine are usiri$ the underlying software to de- 
velop dialogs. ^ > 

The two detailed examples in this section both a 
Involve physici^ courses in which the computer 
Is used in a variety of modes. In both cases 
many other teaching media arc also employed. 

2.U Physics 1 

Physics 1 is a one-quarter course that precedes 
^standard beginning courses. Most of the stu- 
dents In it take the five-quarter, science- 
engineering* sequence starting the next quarter, 
aiie two principal broad objectives of Physics 1 
are to provide adequate tools for the study cf 
physics and to increase interest in physics.. 
The course is a PSI course, in the self-paced* 
tradition, with students working at their own 
: grates. The quart^^^^^^^^^ 

'?^^^Iline -unitis.- f "^^"-'X;^^^^^ .-i-^'r-^iVfS^/-^ ':■'^^'■y>'^■■r.'■ " 

Three units deal explicitly with computers, from 
- .the standpoint of problem solving. The first, 
:r roughly the first week of the course, is devoted 

to learning both BASIC and APL. The test for 
; -this Unit asks the student ;to write, enter^, ^^^^V, 
^:lcperate a small program in each language. ;Thc.^^^^^ 
learning method is interactive, not depomknt d - 
on. lectures, textbooks, or CAI material. Stu- 
dents sign on to the terminal, enter the parties v 
ular language, and type In a scries of state- 
ments provided. They watch the results and ^^g^ 
occnnionnlly try to answer questions on ihr- ij| 
sheet given to them. The procedure might be :g 
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ri^njmnnci to stimuli, Al>out thnK* houru 

imtionn 0£ each languagQt . j 

encond imlt in itlflu conctn*nod v?ith tfio cnm"* 
jHiter^ davol.od both to lluwch^iHviui^ arid ol\wv 
|>rnctica] ftnpocta of pvonr/unmin^i', and «lno to 
csiipluying th« graphic c^pahilitiuu of API** Ab 

ability of coniputora to draw piciure^i and fiet 
the student to think rl^^ht: fvom thc! bo>',inning 
iibout v.*haru :it ia Uiicjful to havo mnnburw «and 
vhorc it la uauful to havu a diai^rnm. 

Thci third con^puting unit occurs iiiuch later in 
the course, in connection with Icefttnlnji mech- 
anics* Tne iiiatwrial, ii}J^X?.lilfJ\?Xy..^li?^^^^ 
Based Noch anicg) was written initial i.y in 
workshop J5ponfiorod by the Coiiiniii;sion on Colltigo 
Physics I by Alfrcid Bork, Arthur Luchrnuinn, and 
John Kobson. The mterial is n solf**contained 
\inlt, sold to students in a pticket ci: notes for 
the courfje. lliey learn to set up *ind r»olve for 
the motion of any one^dlmensional k-nuchi'^nical 
eystem, given any force law and any initial con- 

t ditlons* One trowendous advcintoge of the com- 
puter at this level is that it gives another 
way for students to g^t directly at differential 
equations in studying novinj!. s^yatems. It is 
only through the use of laws of motion as dif- 

'vfercntlal equations that their full power can 
j»e realissedi and thus the computer allows the 
students a powerful and rewarding approach al- 
most impossible in the traditional course. 

In addition, a number of computer dialogs arc * 
usable in connection with these and other units* 
One of the units deals with coraplcx numbers, 
and a diagnostic remedial dialog is available, 
a series of problems of increasing difficulty. 
Vhen students have trouble with a problem, they 
are put into a remedial sequence that teaches 
the necessary concepts. Thus^ a student need 
pot. spend time with material already familiar, 
.biit can go on to the areas where assistance is 
.needed* Altetnate methods of learning about 
complex numbers are also provided. In connec- 
tlon with the unit on mechanics already men- 
tioned ». we also make use of a dialog concerning 
motion. This dialog will be described in more 
"detail in connection with the Physics 5 course* 
^Tlic unit on data analysis has associated with.^^v;^; 
:it a dialog on significant figures, drilling 
:);s^ t iident s. ^nd of f er ing a^sistanca where, needed* . 

^Optional units arc also available for the stur 
Jdonts who finish work before the end of the 
^quarter» a common occurrence in a sclf-paccd 
^course. Snvoral of these involve the computer. 
:;A common optional unit employs i»AjrjLHUiou>i;v 
Coirijntf or^^lliniMl M^^^^ a fic^iue] lo the 

previous tumnnrapli prepiircd by the CONDniT 
Htyalcn Cumniitteo (iUfnul Hork, Iwiyne. Lung, 
John Merrill » and Herbert Peckham)* Learning 



:auouhev coropuUu' Jangunge, li^nvning how \:u pre** 
pare dialogs, and eompletitijj a np^icii'ied vjialog 
Were nljio optional unita tlili^ pant yc»ar. 

The Phynies 3A oourf^o at Xrvlne in the fir^t- 
quartc*r of a thrv:n-»juartcir' hcHUnniug fu,»ejuvn(;fci - 
with about 300 ctudtMits, mostly premQdlt:^!. 
aiu! tuihject rnttor is iiicchaaicci* A.<j with Phys-... 
Ics 1 the coTfipuii'V iri used in hoth a prohU^orr 
solving and diailot; njo^ie, with viany of iho. srjnje 
waterialn employed in I'hyj^ic^ 1; but Xho cjipha^ 
sis chlfts soijiovhat toward dlaXogn, Sevca%':il 
weeks of the quarter depend hoavily on the 
! computer* 

Students learn- eUlKT APh or BASIC, v;ith the 
choice left to thviin; the "I(.ni Finger*' v.mteri^)! 
used in Physics 1 ifct again the basis for learn- 
ing the language. ,?j3jL?ojl!ti?X?JI>l-^fi^^ 
Mechanics is also employed, with tiie students 
writing programs to analysjo ihc motion of tnoch^ 
anical systems. Thus, the student can approach 
niechanics immediately in a differential equation 
formt 

The principal dialog used in Physics 3 is MQTIOM 
It allows students to investigate one-particle 
mechanical systems in great detail, changing 
force lav?s, constants in these lawn, and iiiii iaX 
conditions. They can examine graphically the 
interesting variables associated with the sys- 
tem, such as position, velocity, momentum, ene^r. 
gy, and angular momentum, plotting any two o.r 
three variables. MOTION lets students makn re- 
quests in a language natural to them, and tries 
to assist the student .having problems. In 
Physics 3 ic is used both in a "pl^^y" tnode, with: 
students exploring freely, and in a structured 
way to respond to homework problems. Students 
are asked in a homework assignment to explore 
oscillators, determining how the maas and spring 
constant affects the motion, and they are asked 
to seek closed orbits for a body moving under 
the action of two fixed inverse-square force 
centers. MOTION is the type of program that 
can be returned to time and time again, and can 
, - be used by a range of students from secondary 
r school to graduate school; it is heavily used 
< v^^y students outside of physics classes. In the 
.^^^^^^^ October, 197A, 15,000 terminal minutes 

^"■"■"Verc, .spent: by students..:.using ..MOTIpN^.^^ | 

* :.;;?The f our hundred students in Physics 1 and 3 in 
the fall quarter of 1974 used about 3,500 ter- : 

^::3_tninal hours. As we oncouar^ge stxidcnts to vork 
In groups ^f two or three, so that they can dis- 
' cuss what is happening, this represents about. 
7,000 student terminal, hours, about Vi hours 
per student per week. Our access is not as 
much as we wouTJ like; if the instructors were 1-5^ 
allowed to use computer resources at will, use 
would rise. -'^ 
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Vhynixm S» tfiufiUt by Uiul)...tl \UilU\vd, alv.n om- 
l»J.<>ys «iMv Ri«dia:^ thus, th« problom-RoJvlng 
ii&i;r>!on» werp vidwfeapoa nnd matlo nvaiiohle to 
etudent;©, «nd multlwt'dln sessions wore common. 
Ct)m{)ui;);;i' uae rates hii^h j^n student QUi4'UAent8 

Hmiy of tho oth^r physics clnnsi^s at Xrvina use 
thri cwiputev. DotaiJn diffi^r from year to yeatf 
iUijH*ndin{', ort v»ho tcacho.s tho cours^csi hut back- 
gvcnmd ntuthmt use is a.iway?5 hiftlu 15oth dlnlog 
'm^ computritional aspecta occur. ThuSf we have 
f-twcral dialogs on vector calculus > for ur>e in 
electricity and magnc^tSsm sections of beginning 
courscrJt /\nothc*r progrsm nUows stud^^nts to 
plot electric fields from arbitrarily moving 
point cbrivgca, and thift is iHuwetimus al«o as- 
fii^Mid as a calculatiunal task in an intermed- 
iate coursOf New pr4)grams in quantum mechanics 
and relativity, alr^^ady in partial use, provide 
a wr'''e range of learning oxperiencen in those 
iEtrea^. Several types of dialogs are directed 
ftjcplicitly toward improving the problem-solving 
capabilities of students, and others toward in- 
creasing intuition about the behavior of physi- 
cal systems* I 
■ ■ ■ . I 

the most extensive use outside of physics of the 
cofttAire developed by the Thysics Cor.pucer De- 
velopment I'rojc»ct has been in a precalculus, 
ficlf*:paced math class, llio computer admiiiisters 
the tmit exams, picking r3ndc*n!3y owt cf a large 
collection*, and thus allowing multiple tries} 
it is also responsible for record keeping. 
Current dcV(5lopment of dialogs is also going on 
in other ar^.as of math and in biology, chemis- 
try » £ine,.arlS9 medicine, and sociology* 

3* niTURE ! 

Although, as we have seen, the computer is hav- 
ing a noticeable impact on some courses, we are 
still beginning to learn how to exploit its full 
learning potential* We can, by examining the 
current situation, hope to make reasonable pro- 
jections into the future* 

5 3« I • ppmputcrs a ii ^ Other Media j _ f _ i;;:^^ ^'f 

Those of us wh.) maintain that the computer will 
revolutionize c'^uci^^tion at all levels meet oc- ^ 
^casiohally with disbelief* One source of this . 
disbelief is thi* history of other technological^; 
laids to learning. Often a new ajd, such as 
•video or programmed instruction, has been hailed 
jjby its proponents as a r<*volutionary factor tb§t ■ 
Twill transform our schools; ^but the expected 
jlgrcat changes do not occur, ^ri^^ been 
ircpeatcd a number of timei$* So we must ask hpw 
SXhvi computer as an oducational media differs 
■from the others that prei-oi^tni it, why Its potcn- 
rtinlities are greater than thcne of film, audio- 
visual^ video, and other media* 



Om fir.poct whf.ri^ tlui computer in potfcMUiiUJy 
superior to other teaching media is individuali'*- 
jsation» A filtni or a video proHram^ is a fixed 
aequoneo} often in practice it is ne^t even pos** 
eiblc for a student to see the film lii^ain or to 
repi^at a eequenci^ of a film that is not under- 
6t0odi and the pace cannot be altered* Similar*' 
ly, a lt?cture or a sUiii>tape $ihow can r^mct to . 
litudonts in orily a limited manner* A highly ^ - 
branching programmed taxt can allow different 
learning ^icquencos for each student, but still . 
is restricted. But a good computer program can 
make use of many types of information about the 
student I and can respond in great detail to stu- 
dent performance; each student can have a unique 
learning experience. Even the pace can be ad** 
justed* Ko media other than a teacher for each 
student offers the flexibility of the computer. 

This is not to say that the flexibility is al- 
ways attained} existing computer dialtogs are 
only beginning to become highly responsive to 
the individual student* Individualization is, . 
1 believcj an» extremely important educational 
goal, reflecting the vast differences in student 
ability and performance, and the computer offers 
us the best hope for attaining it* 

! Another important educational aspect of the com-* 
puter arises from the powerful idea of simula- 
tion* Because the computer can simulate real or 
imaginary worlds," given its calculational ca?a- . 
bilities, it can create unique new experiences 
for the ;Jtudont. Experience is a critical com-. : 
ponent of learning. But direct experience is v 
often limited, and, even in the laboratory, 
difficult to control* A computer simulation 
with a good student interface can in a short 
time greatly increase the experience available 
to students, and these experiences can be unique 
: to each student. Thus, the direct experiences 
possible with moving objects Involve only a few 
forces and initial conditions, and they are all 
restricted to x-y space. But a dialog such as 
MOTION can allow free play with all these as- 
pects; in a few minutes the student can see many 
different types of motion, and can conduct con- 
trolled experiments with certain types* One 
interesting aspect of programs such as this is 
] that they prove to be usable at a wide variety 
of levels* Films, too, particularly with slow 
motion and with microscopes, can give experi- 
i'ences beyond those in everyday life, but in a 

different area than that offered by the com- ; 
Sputer* But^the film shows everyone the same^^ : 
5%henomcnon, while ^the computer provides the ;i 
Sfcases the student specifically requests. It ^ 
i^hould be noted that the computer needs^firaphic 
Incapability to provide the rich range of cxpe^ / 
L^^icnces possible; we need to sec the moving" 

objects, not a coWcctltm ji^^ 
■/'^^'istis.^ip^itklpni r i--'; ■ ■.■ ■ . ' ^':\_2)SS^: 

A third compelling reason why computers will - 
eventually be the dotainant mode fur learning iS; 
the long-range financial picture. Most compon-^: 
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entf. of education ore in coat, but 

«}owmH'0C-bnfiecJ tyofthinp, is tiecJ.ini»8 in cost'. 

■ The'rfifi'tH'once it? that computer t^u'.hnology i» 
«tlll in a period oi: v(u-y papid evolution, vfhilc ^ 

^< - oilKn' media and tocimlnuos are evolving much 
--■iiHn'€> {Jlowly. V?e fu c otUy now hua-iiir.u to ex- 

' liloit. tho \)ow«r of V-»i'>Jt<-'-2a.Uj iiuesmtiou nnd 
iiv' new inewofy technlquea, and ncv.- vochnoiogical 
^ - advattccJS aio almoHt cimuoMplatv-s in thifs uvua, 
•ihc cost of compuLxv^a, tat cquivalEint. power, 

■ wUl continue to decruaso drajsatically. Ad- 
V0fie«f5 in software dovctlopncnit nre not so Cipoc- 

' tociOftr, but evon here wc are improving. Cur- 
rently it is diHicult to ostirMtn if coraputuiB^ 
«rc cost-effective in education, both because of 
the ditficulties of calculating educational 

■• cosLG isYid bccaur.u of the unique advcininBcs of 
tho coinputot already discussed. But in the 
future the Ronputer vill compete very well with 
other ways o£ tcacliing, i 

S& i&t 1 have contrasted the computer with other 
media. But I also believe that computer tech- 
niques, to be discusaed later* will make other 
: media wore versatile, more adaptable to the in- 
dividual user. These techniques can, during the 
.* next ten years, provide a convenient way, for 

. exataple, to view video sequences, allowing the 
uftftr to repeat sequcmces ov call on expanded 
ecquences as needed. Kach mudia does hove ad- 
vantaijot; for certain types of learning, and we 

• can expect Ptaxinutn effect in teachins systems 
that cocibine all of them, using each in ways 

; approprldXe to it. j 

'. 3.2. The Future of Computers in Education - 
Literature 

What ore the most interesting future directions? 
If wc are convinced, as I am, that computers 
■ will play an increasingly important role in 
learning, both because of their effectiveness 
and because of their increasing economic com- 
petltlveness, then we need to think carefully 
about the future. Too often we follow the lead 
of technology, going where technology takes us, 
rather than asking what are tho trendsS of tech- 
%iology and then molding them to produce the. most.,,; 

- desirable and effective future. Although a few.,- 
. have attempted long-range plans, 

• v n^^ guch thinking has been don^ witjiv > : 

^^Mone IntBre&tinz viewt at the public school^ /''rx-: 

: level primarily, is that in George Leonard s 
;S>£book. Kdui^on_mnLJ^ ' t'hap^:ors of 

- this book reflect the school of the future. ^ 
.^B&ie iinvironment is very freely structured, with 
W^he students each progrcjssing at their own rattj 

-*%in a Bupcr-P.S.I. or nclf-paccd fashion, but 
Jx ' vith the coinpu«i!r rMj>on«ihle for all the man- 
^^ "^ ngpment and much o)' th»/ delivery. Visual 

displays— threc-dlr.u>nr.ioi>al, lair.f, in color— are 
t .: . critical as is the extoiiKivc infonivitinn hast' 

about each student contained in the computer. 

:^ o • . I 
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vie can find very few other pictures that try to 
JooU twenty-f ivu years ah«ad nti in the hnonard 
book, Aj\ old«v and fiiueh If-fsn friendly vJ«w is 
in {{aiaiatin's Wa, a Hussian novel of 19?.A. Tho 
"teachert" in what appears to he a standard 
clasrsroain alfcu.Uion, Is a jvoorly-f unr.nSoni ns' _ 
robot, toachivif, in a rote laKi.ion. Viiif? f.^icn- . ■: 
Jnfj (iupports tho unpleafjant rcBtriotive sticioty 
pictured in the book} this and aimilar por.sj'. 
hilltier-! servo to remind ua' of the daniifra in- 
herent in effective teachi.ng devices. 

3.3. KetworJiJis^^ 

We can see at least two conceivable inroediat.-*. 
futures, with r.tB^i'd to the* nature of cov.puter 
hardware, to some extent mutually exclusiv.?.. 
At this time it Jicems difficult to predict which 
will occur, although 1 have my prejudices. We , 
need to pursue both directions, because eacn as 
most favorable toward one aspect of the develop- 
ment of computer-based teaching materials. 

Hip first development might be termed the con- 
tinual expansion of networks, the-fiaking avail- 
able of -facilities beyond those in the iwmodf.6te ■ 
gcofiraphical. location of the person involved. 
Networks "could serve a region, or could be 
•national in scope. One very promising direct- 
ion, not pursued at present to any great extant, 
is that organiaed along discipline linos. I 
conceive a sizable machine used purely for 
teaching in a single discipline, or a groUf> of 
; reJated disciplines, with all the users sharing 
.'the resources on that machine. The great advan- 
. tagc would be that existing and new material 
could immediately be made available to a much 
wider audience than the campus or school, at 
which it was developed. An even greater advan- 
tage is that we could obtain tremendous leverage 
in the development of more material in the area 
represented. Given many schools actively using 
the Material on a regional discipline-oriented 
basis, some of these schools and some of the 
teachers in thoF«. schools will also become de- 
velopers of matecial. The number of people who 
can develop material (and use what they deveiop) 
- IT'thus greatly increased in the particular dis- 
'^"^cipline: we might even see a quantum jump in 
the production of effective materials in tl»at 
-'discipline. As many people would be involved. 
;/ "several might develop materials for a topic, so,, 
^M-we would have open competition of materials; 

-such competition would lead to more effective,; 
. .. materials . ., Urge-scale cpm|)arat^ve testing 
"/^ould :als.o , possible ....v. ' ^ " 

I would hope that any such development would 
take place on a mnchinc that had all the power 
and capability poasible on a modern computer.^.; 
day a few timeiharing systems arc presontiy ' -^ 
sufficiently vtr.i.itilo. hlmitatlonr. mdo for -.^ 
the «nkc; of "ff f iciency, " in a computer st-ua.,-.. 
would, 1 boiiuvo, not be dcHirablu; it if. not. 
desirable to restrict the size of user proui'^ws^ 
or to restrict the aw^^uut "i<vr.;ouul core 
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F"^i:eBtrietioiui nta rt^quirod within any w«Jl- 
■;U;l^|H*r^»fein8 timi'fsharinfi system. Uawra r.hould have 
?5^^=^*eii»pl.ete aecuss to privntti tUon ot their own, 

t»»tU Within problem soiving anJ di;iloK modes* 
SS; Ail ctmmn Imxm^m should ha available, no 

-ilVat the host UnRiuiRo for a particulnr npt>Iiea- 
kSuow fcHH ho UJKtd, and thtui thf fitwdijnts' hack" 

j«mund eould h« cnr»ic»ili'5'<>'d on, no tnotttr what 

' jVm(i«fl{ifi had prcvJmisly boon studied. Thi8 iti 
!l "porticulnrly import iitit In an educational Inati- 
*• tut ion which inherits a yood tuuisbar of ito fftu- 
M'dentJ5 fifora otVmr colleges, and so must adapt to 
f- varying backgrounds, " • 

^ As Is clear from other comraeuts in this paper, I 
■ vould want the vaat majority of the terminals 
available on each campus to this disciplin<a- 
■ ■ oritmted iMchine to ba^ ^jrophic terminals, al- 
: • though the actual ratio raight differ from dis- 
cipline to discipline. 

A QVAip of related disciplines wight be the first 
users. Wlicther the machine would eventually be- 
come specialized to a single discipline would, 1 
believe, be somothins that would be determined 
by usage rather than by planning. Careful 
records vould be kept, and it might be possible 

' -to specialize laachines in disciplines after sotne 
real experience was obtained in multicampus en- 
vironments with vwry large nuwbers of students 
in routine standard courses. 1 do not believe 

; .• tliat^the current experience in any system is 
larae euoujih to jiiake such ^Icciaions. 

Perhaps groups of discipline-oriented machines 
could form an important component of an educa- 
tional technolosy center such as the ones de- . 
scribed in the Carnegie Commission Report, The 
Fourth Re voUition - In structional Tec hnology 
in Hi nher Educa tion. While 1 can see no very 
visible move to"' create the centers of the 
Carnegie report, that still seems a sensible 
approach, particularly with regard to the mech- 
» unlsra for developing sizable amounts of material. 

This is, however, only one possible model of the 
future, a model particularly appealing in con- 
nection vxth the devolojeme^ Pt* teachinr, naterial. 
using the computer.' However, from a hardware 
point of view an even more attractive approach 
vin soon be practical. This might be described,, 
s as the stand -alone .system, a device which con- J 

tains not only the usual input-output ^and dis 

almost all the processing 
capability necessary for -applications on that,^„_^, 
i^^^ direction is, I believe, the : j 

tendency oX ..the .eyolut^^^^^ 
putcir technology. / '.^.'-^-j :- 

JvlS^Tlio advantages of such a nacliinc are many. ?cr- 
^baps the two most striking attributes of the 
Btaml-alone Bystcm are flr.«5t the r.reatcr 
vcliability— whori one machine r.o^-a dnwn only 
:i the person on that waclumt is nfft ctcd, not the 
# - bundrcds or thousands that might be siraultan- 

- - « 



aetiond the i',i"f.n.ly incroawod graphlo. ('..vjj.-jb-i lity 
pofjsihle when not rtvnrUted to stai.dari^ trans- 
mission raUa iiuch ab. 2/iOQ baud, Even a system 
witii modC'fU'. computational capability, p(u-hapa 
tnPvdulQri?.ud t':» allow din'orunt amtniutr, Sn dif* . 
fercot systeiuM, can diuplfVy much mare dynamie 
and interrtftivt! {-iraj/hiuH U».un <3%'^n a vory large 
and powerful timesharing systtita can for large 
numbers of etudenta. 

I iihould mnUu it clear tliat I do not have in 
wind a syatcw built around any existing mxui- 
computers or 5!v!crocoi.iputers . 1 regard these 
devices as providing far too little computing 
power for the elaborata teaching dialoija I. am 
envisioning in this d.i.scur.fiion. But 1 believe 
that the inicrocornputor technology is at tha 
point vhpve v.-o could fievclop in the next sev- 
eral years very powerful Btand-alone Ejystcms. 
Such a system might attach occasionally to a 
large timesharing system, or to other coirputors, 
for special purposcis. ThuP., access to very 
large databajies, or to record keeping programs, ; 
or to course management facilities, might re- 
quire access to a bigger machine. But mostly 
the machine would be on its. own* 

A particularly Intriguing possibility in connec- 
tion with stand-alone machin.^s, not widely known 
to those in the computer field, is the use of 
technology iicw being developed for the ho:r;e- 
based videodisc systems. Tlxcse systems, being 
developed by a number of major manufacturers 
around the world, are primarily aimed at the 
home market. The idea is that the home users 
buy a device which attaches to their I'V sets, 
nie "records" are possibly like an ordinary 
pressed vinyl (music) ' record. You take it homo, 
and then "play" it througVi the television .set. . 
Times on the order of an hour of video on a- 
record are feasible. Systems arc now being- 
demonstrated, and will soon be on the market. 
Among the companies involved are MCA, Phillips, 
lO/Metrics, RCA, Zenith, and Thompson CSF, Most 
systems use light to "read" the grooves. 

While these systems are being developed primar- 
ily for home TV, reflection about the informa- 
tional content in an hour's worth of TV (about 
; 10^^ bits) will immediately lead to interest on 
"^-the part of the computer enthusiast. Further- 
'more, it is possible to randomly access material 
f --[rapidly on these discs . Thus, we can envision 
-a disc as containing a combination of video 
^sequences, audio sequences, slides, (one groove 
-5' around the d isc ) , and -computer code . A s i ngle 
-'disc might have on it a full languagc processor, 
Buch as Ai'L or BASIC, and a complete video-b^scd 
-CAT course for learning the language; or a y 
videodisc might contain eJaborate sequences ot 
teaching material, a dialog between the studyi^ 
and the computer, which would allow all the 
rcdla to bo used along wlih the other aspects | 
of the interactive dialog. 
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Bocaujic ot tha 3arRc cimount of quickly access- 
filhlc stonigc ovailiiblc on the disc for load- 
only computer coda, ^yntcm oraaniaations 
inij'.hl bv possiblttt allowing the machine to sur- 
vive with less coro than necessary In a typical 
prescttt^dny minisyst.ow. Theau discs a^so have 
the tremendous iu)v;iiUai',o of bfin-', a f:a]»'il>lc 
product, r.lvinj', a woy oi p.iyin;; royaJtios to 
authors* financing', advcrtiiunc:, ;md thci other 
fenturc« present in uojit educational media dis- 
tribution, but which do not cyasi in currtint 
computer systems* 

I doubt if the stand-alone vidcjodisc system 
would be a suitnb]e system for dc'V <?lop Inf^ nater- 
lalf;, nor for tentir.j,^, then with ctuficnts initi- 
ally, f5o it secDs likely that this work would 
still often proceed on t lr:cnhnrl:v.' f^yctens, v:ith 
perha] \ just the. media portions coming t'rom the 



Rtand-alonc dcvlce^J. Futi Iiormorci It »{.;iy be 
necessary to have some wrlieable stora^i" other 
than hifih fipetd nienory, r.o cajisettefj or fluppy 
discs or siwilur device/; r.ay be an ctJiieatial 
coiPponcnti 

Probably the display on iho r.taad-a3rjv,o^ ifcvice 
will allow coior^ and bOi;air,L« of Hit? uo.al for 
video r>equenc(M; from tho <i:isr^ wil] at 3eai;t be 
eoir)j)atiblc v/Jtli a televif.Jon iornai. . Tuli nni*- 
ination will be? jU'ac.ticaJ, f nv beyond tiif- r;l;:sple 
drawing posfiihle in current low-cost t iij;e5;haring 
grf-^phlcs* 

Such systeras are not entirely pipedrec'ri:": . Scrno 
features of the r^yjacm dL^scribed hero, i Ui^l udlni; 
the elegant gvMphic capahi 1 it.Uis, are. already 
available in existing lab'iratory machir.os. 
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